Background: Joint bleeds are the hallmark of haemophilia, and can lead to disabling haemophilic arthropathy. Consequently, the movement behaviour of adults with haemophilia differs from that of healthy adults. It seems unlikely that a single outcome is able to reflect all relevant information regarding movement behaviour. The aim of the current study was to identify patterns of movement behaviour within persons with haemophilia (PWH) and compare clinical characteristics between patterns of movement behaviour. Methods: A total of 105 PWH [70% severe haemophilia; median age 43 years (30.0-54.0)] were included in the study. Hierarchical cluster analysis was used to identify patterns of movement behaviour. Clustering variables included seven parameters of movement behaviour: sitting, standing, walking, biking, running, frequency of active bouts and length of active bouts. Clinical characteristics included age, severity of haemophilia, joint health, physical functioning and pain. Clinical characteristics were compared between identified clusters by Kruskall-Wallis test. Movement behaviour was assessed with the Activ8 accelerometer, joint health was assessed on the Haemophilia Joint Health Score, physical functioning on the Haemophilia Activity List and the 40 m self-paced walk test and pain on the Numerical Pain Rating Score. Results: Cluster analysis identified three clusters, which were defined as: 'sedentary' (57%), 'bikers and runners' (22%) and 'walkers' (20%). The 'bikers and runners' showed better joint health and experienced fewer limitations in activities than the 'walkers' and the 'sedentary'. The 'walkers' perceived fewer limitations in activities than the 'sedentary', with comparable joint health. We did not identify differences in pain, walking speed and age between the clusters. Conclusions: We identified three patterns of movement behaviour. The majority of PWH was identified as sedentary, whereas less sitting and regular walking during the day seemed to be more beneficial.
Introduction
Haemophilia is an inherited genetic disorder that impairs the body's ability to make blood clots. This results in longer bleeding time after injury, easy bruising and an increased risk of bleeding inside joints and muscles. Joint bleeds cause haemophilic arthropathy (HA) through synovial inflammation and direct blood-related osteochondral changes. 1, 2 HA is characterized by joint pain, limitations in range of motion and muscle atrophy, resulting in limitations to activities and participation. Consequently, adults with severe haemophilia are less physically active than healthy adults. 3 In patients with osteoarthritis (OA) avoidance of activities and more sedentary time induce a negative vicious circle of disuse, loss of muscle mass, reduced joint stability, proprioception and postural control and increased limitations in activities. 4 Given the similarities in pathogenesis of HA and OA, similar effects in persons with haemophilia (PWH) can be postulated. 5 Increasing daily physical activity and limiting sedentary behaviour may improve physical functioning. 6, 7 Although several exercise interventions have been developed directed at improving physical functioning in PWH, none are aimed at changing movement behaviour in daily life. 8 A person's daily movement behaviour is considered as any combination of daytime sedentary behaviour, physical activity (PA) and sleep. 9 In turn, this can be divided in activities and postures (e.g. sitting, walking and standing) and PA can be divided in PA of different intensities (light PA, moderate PA, etc.), as presented in Figure 1 . In previous studies, movement behaviour in PWH was investigated using only a single parameter (e.g. average amount of moderate and vigorous PA), or several parameters were analysed separately. 10, 11 However, individuals who appear similar in one parameter (total amount of moderate and vigorous PA) may score very differently for other metrics (total amount of sedentary behaviour). 12 Moreover, sedentary behaviour and PA are independent predictors of health outcomes, and the distribution of activities during the day predicts health outcomes, independently of absolute time spent in these activities. 13 Using a single parameter, or analysing several parameters separately, ignores the cooccurrence of activities and postures and would result in an incomplete or inaccurate picture of a person's overall movement behaviour. It seems unlikely that a single outcome is able to reflect all relevant information of movement behaviour. We therefore propose to identify patterns of movement behaviour, including all relevant metrics.
Previous studies in PWH did not find a relationship between activity level and the degree of HA, 11 although adult PWH were found to be less journals.sagepub.com/home/tah 3 physically active than healthy adults. It is hypothesized that clinical characteristics (e.g. joint health, pain and physical functioning) are related to patterns of movement behaviour rather than total amount of PA. Insight into patterns of movement behaviour, and the relationship of these patterns with clinical characteristics, could enable us to identify patients at risk of deterioration. Furthermore, insights into patterns of movement behaviour are essential in developing interventions directed at changing movement behaviour.
The aim of this study was to identify patterns of movement behaviour in adults with haemophilia and to compare clinical outcomes between the identified patterns.
Methods

Design
This study was a cross-sectional study based on medical health record data. 16, 17 Postures and activities are determined every 5 s. Subsequently, the relative period spent per body position or activity is stored every 5 min. For example, between 10.00 and 10.05 a.m., a person might spend 3.0 min sitting and 2.0 min standing. The sequence of postures and activities within these 5 min can therefore not be distinguished. Nonwear is reported as lying down, and therefore it is not possible to distinguish between lying down and nonwear. PWH were instructed to wear the Activ8 for 7 consecutive days, except during swimming, bathing, showering and sleep. The minimum requirement for data inclusion was 10 h of wear time (corresponding to <14 h lying/ nonwear) on at least 4 days. 18 Time spent on activities was reported in hours per day (lying/ nonwear, sitting, standing and walking) or minutes per day (running and biking). Frequency and length of active bouts were calculated to gain insight in distribution of PA over the day. An active bout is defined as consecutive periods of 5 min consisting of a combination of walking, running or biking with allowance of standing <5min.
Participants
Clinical characteristics. Joint health was measured using the Haemophilia Joint Health Score (HJHS) version 2.1. The HJHS evaluates swelling, muscle atrophy, crepitus, range of motion, joint pain and strength of the knees, the ankles and the elbows. Additionally, gait is assessed with a single global gait score. HJHS scores consist of 20 points per joint and 4 points for global gait, adding up to a maximum of 124 points. A higher score indicates worse joint health. The HJHS is validated for children and young adults with haemophilia 19, 20 ; however, it is the most commonly used instrument in adult PWH.
Physical functioning was measured using a selfassessment tool and a performance based tool; the Haemophilia Activity List (HAL) and the 40-m self-paced walk test (40-m SPWT), respectively. The HAL is a haemophilia-specific questionnaire assessing self-perceived limitations in activities. The HAL requires patients to consider difficulties they experienced in activities during the previous month due to haemophilia-related complaints. Internal consistency and validity of the HAL are considered good. 21 A summary score, as well as component scores involving upper extremity, basic lower extremity and complex lower extremity activities, can be calculated. Normalized scores ranging from 0 to 100, with higher scores representing better functional status, can be obtained for the summary score and the component scores. Walking speed is measured with the 40-m SPWT; time used to walk 40 m was recorded. 22 Patients are instructed to walk 40 m straight on in a hallway, at a self-chosen (habitual) pace; the use of a walking aid is allowed. Walking speed is considered an important predictor for health outcome in well-functioning older adults, and is complementary to self-perceived limitations in activities. The 40-m SPWT is a reliable tool to assess walking speed.
Pain was assessed using the numerical pain rating score (NRS). 23 The NRS is an 11-point rating scale ranging from 0 to 10 points. A score of 0 represents 'no pain' and a score of 10 represents 'worst pain possible'. Patients indicated the number that corresponds to their maximum pain level in the past week. The NRS is considered a valid and reliable instrument to measure pain. Furthermore, age and severity of haemophilia were extracted from medical health records.
Data analysis
Statistical analyses were performed with R version 0.99.903. 24 
Results
A total of 105 PWH were included in the study; 70% suffered from severe haemophilia. Median age of the participants was 43 years (30.0-54.0). Clinical characteristics of included patients are shown in Table 1 . Descriptive statistics of the clustering variables are presented in Table 2 . Data were missing on 6.3% of clinical outcome values. Missing values were due to logistic reasons and were therefore considered 'Missing Completely at Random'. Participants with missing data did not differ from participants with complete data based on clustering variables or clinical characteristics.
Identification of patterns
Hierarchical cluster analysis identified three clusters. The dendrogram of the cluster analysis is shown in Figure 2 . One cluster included the majority of patients (57%), the other two were of comparable size (23% and 20%). The largest cluster was characterised by extensive sitting and little standing, walking, running and biking. The length of active bouts was short and the frequency low. This cluster was described as the 'sedentary' cluster. Persons in the second cluster performed extensive biking and reasonable amounts of running, standing and walking; the cluster is therefore named 'bikers and runners' cluster. Frequency and length of active bouts approached the average of the total included sample. The smallest cluster was characterised by little sitting, biking and running, extensive walking and standing and a high frequency and longer duration of active bouts. This cluster is therefore described as 'walkers'. Standardised cluster centres are shown in Figure 3 . Comparison of the medians of the clustering variables confirmed differences in the clustering variables between the clusters, as presented in Table 3 . Although persons in the 'bikers and runners' cluster did more running than in the other clusters, even in the 'bikers and runners' cluster half of the people did less than 20 min running per week [median 2.4 (IQR 0.6-7.5)]. Sensitivity analysis with activities as percentage of wear time did not change the allocation to a cluster of any of the participants.
Differences in clinical characteristics between clusters
Self-perceived limitations in activities differed between the clusters. PWH in the 'sedentary' cluster perceived the most limitation in activities, PWH in the 'walkers' cluster perceived fewer limitations and persons in the 'bikers and runners' cluster perceived the least limitations in activities [74.5 (61.0-92.5), 85.6 (76.7-93.9) and 90.3 (69.1-100) respectively, p = 0.04]. A trend was found towards better joint health in PWH in the 'bikers and runners' cluster compared with PWH in the 'sedentary' cluster or the 'walkers' cluster Table 4 .
Discussion
In this study we identified three patterns of movement behaviour in PWH: the 'sedentary', the 'walkers' and the 'bikers and runners'. The majority of the PWH showed a 'sedentary' movement pattern. PWH showing a 'bikers and runners' pattern had better joint health and perceived fewer limitations in activities than PWH with a 'walkers' or a 'sedentary' movement pattern. PWH showing a 'walkers' movement pattern perceived fewer limitations in activities than those showing a 'sedentary' pattern, but had comparable joint health. We did not identify differences in pain, walking speed, severity and age between the subgroups.
The use of patterns of movement behaviour has been proposed in previous studies investigating outcome measures of movement behaviour. 12 However, studies investigating patterns of movement behaviour in different populations are still scarce. One study aimed to identify patterns of day-to-day moderate-to-vigorous PA (MVPA) in the general population. 26 Patterns of persons who show more MVPA on weekdays, or who show more MVPA on weekend days, were identified. This is a different approach than that used in the current study, in which persons are categorised based on type of activity. In accordance with the current study, the majority of participants had low levels of MVPA. Previous research already showed that PWH are less physically active than healthy adults, but show similar Colours represent the three-cluster solution. 6 journals.sagepub.com/home/tah sedentary behaviour. 3 Furthermore, previous studies indicated that PA level is explained only in small part by joint health. 11 This is supported by the findings in the current study, which show that only persons with a 'bikers and runners' movement pattern have a better joint health, but that joint health of PWH with a 'walkers' or 'sedentary' movement pattern is comparable. We found no evidence of pain as an explaining factor. Explanation for the difference in movement behaviour between 'walkers' and 'sedentary' could be both haemophilia specific (fear of bleeding, restrictions in PA in childhood) and of a general nature (work-related activity, social influences, financial influences, comorbidities).
The main limitation of the current study was the small sample size of the subgroups with a 'walkers' and 'bikers and runners' movement pattern. Give the small sample sizes of these subgroups, we were not able to perform post hoc analysis. This could also have impaired the ability to identify differences in clinical characteristics between the subgroups. With a greater sample size, borderline differences between groups in the proportion of persons with severe haemophilia might have been more evident. Furthermore, large variation and small sample size may have impaired the ability to identify differences in pain between the subgroups. The overall sample size was sufficient to perform cluster analysis with the included seven clustering variables. Furthermore, movement behaviour might have been influenced by the recommendations of clinical staff, since this was a single-centre study; the view of the comprehensive care team within the included centre is to stimulate PA. It can be hypothesised that the proportion of persons allocated to the sedentary cluster would be higher in centres that discourage persons with haemophilia to be physically active.
A last limitation of this study is that the HJHS is not validated in adults with haemophilia, only in children and adolescents with haemophilia and adults with von Willebrand disease. 19, 20, 27 The main strength of the current study was that we included a large spectrum of movement behaviour, instead of a single measure. 12 We defined two measures to describe the distribution of PA during the day (frequency and length of active bouts). Currently, there is no consensus on an optimal definition to determine active bouts. 28 Using a different definition for an active bout may have resulted in a cluster with a distinct distribution of PA (e.g. walkers with bouts of high frequency and short length and walkers with bouts of low frequency and extended length Median (IQR) and % (95% confidence interval). Data were missing on 6.3% of clinical outcome values. Participants with missing data did not differ from participants with complete data based on clustering variables or clinical characteristics. HAL, haemophilia activity list; HJHS, haemophilia joint health score; IQR, interquartile range; SPWT, self-paced walk test; VAS, visual analogue scale.
the whole spectrum of movement behaviour instead of a single measure. Using the whole spectrum of movement behaviour allows for interventions adapted to a person's possibilities and preferences. We recommend exploring movement behaviour of other disease groups with a similar approach. Investigating patterns of movement behaviour consisting of a wide range of relevant parameters will enable a more complete picture of movement behaviour to emerge. Further research is needed to determine which parameters need to be included. We expect that the results of the current study can be generalised to patients in countries with similar treatment possibilities. However, cultural differences may influence movement behaviour.
In conclusion, within adult PWH, three different patterns of movement behaviour can be distinguished: 'sedentary', 'walkers' and 'bikers and runners'. The majority show a sedentary pattern of movement behaviour. A 'bikers and runners' movement pattern is associated with better joint health and fewer perceived limitations in activities. A 'walkers' movement pattern is associated with comparable joint health and fewer perceived limitations in activities compared with a 'sedentary' pattern.
